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2D-Full Wave Inversion (FWI)
2D	Full-wave	
form	
inversion
Data	
Pre	– processing								
Source	
estimation						
Bleistein	Assumptions
• Far-Field	approximation
• Slowly	varying	medium	
properties	
3D	to	2D	Transformation
Bleistein	transformation
Transforming the 3D geometrical
spreading to 2D & source dimension
(Bleistein 1986)
(Ernst et al. 2007)
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3D-FWI Benefits 
Higher	certainty	in		reconstructing	the	high	contrast	
layers			by	including	later	arrival	high	amplitude	waves	
more	accurately	
On	ground	GPR	FWI	
Removing	transformation	will	cancel	out	the	necessity	of	
the	far-field	assumption	
High	contrast	layer		(late	time	arrival	)
• More	reliable	reconstruction	of	the	high	contrast	
layers		by	canceling	out	the	data	transformation	
Realistic Borehole modeling
Physical presence of the borehole and possible
deviation of it, could modeled in more detail
Antenna	Modeling	
More	realistic	model	by	replacing	line	source		(2D	)	with	
point	source +		finite	length	antenna	possibility	
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2D-Full Wave Inversion (FWI)2.5
3D	à 2D
Transformation		
• Natively	developed	for	GPR
• More	than	190	citation	(from	2005)
• Completely written in C
• Support OpenMp**
3-D	Finite-Difference	Time-Domain	
(FDTD)		electromagnetic	forward	model	
gprMax*	is	available	for	free	on	www.gprmax.com
OpenMp**	(	Open	Multi-Processing):	API	that	support	multi-platform	shared	memory	multiprocessing	programing.	
Full-wave	form	
inversion
Data	
Pre	–
Processing								
Source	
estimation						
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2.5-D FWI by using 3D forward model 
05.12.16
Permittivity	model	(left)		and	conductivity	model	(right)
Calculate	the	fields	in	
3D
Calculate	inversion	
parameters	in	one	
plane	
Extend	models	in	
3D
Update	the	𝜀 and	𝜎
models	one	plane		
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water	table
Survey	area
alluvial	loam
gravel
low	permeable	clays
low		velocity	layer
(waveguide)
3m
10m
5.5m
5m
Widen	test	site	near	the	River	Thur,	Switzerland	(Figure	adopted	from	Klotzsche	et	al.	2012)	
Realistic synthetic model
Input	model	
- Complex	structure	and	
presence	of	the	High	
contrast	layer	(HCL)
- Well	studied	dataset	(e.	g.	
Klotzsche	2012)	
Permittivity	 Conductivity
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2.5D FWI (Improved RBSM)
2.5	D	FWI	is	more	sensitive	to	starting	model
Poor ray-coverage
near to water table
Improved	
permittivity	model	
Overlap	the	model	and	observed	data	within	half	the	
dominant	pulse	period	for	both	2D	and	2.5D	FWI
Permittivity	ray-based	
inversion	result
Homogenous	
Conductivity	model
Homogenous	
conductivity	
starting	model	
Improved	
permittivity	ray-
based	inversion	
results	starting	
model	
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2.5D FWI (Improved RBSM)
Known	True	model	
Known	source	wavelet	
Realistic	synthetic	model	
Average over
whole domain
𝜉 𝑚C0D E,G = 100× 𝑚C0D − 𝑚HIJ/𝑚HIJ/ E,G
Error	Model	
Horizontal	
layer	average	
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2.5D FWI (Improved RBSM)
0.08
0.08	% 0.5%
0.23
2.04%
-4.49%
Normalized	
RMS	value	
%	permittivity	
error	model	
%	conductivity		
error	model	
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2.5D Error models
0%
5%
0%
18%
0%
19%
Horizontal	permittivity	
error	model
0%
21%
23%
Horizontal	conductivity	
error	model
2.
5D
	
2D
	
Average	:	2.04%
Average	:	0.08%
Average	:	-4.49%
Average	:	0.5%
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2.5D FWI (Improved RBSM)
10,2	m
7,2	m
Element	size		:	0,09m
Elements	numbers	:	9600
2.5D FWI
30 Iteration (96 core)
29 h. 54 m.à 95.68 Core-h/it
2D	FWI
30	iterations	(48	core)
6	m.	43	s.		à 0.16	Core-h/	it
≈ 600x	higher	computation	intensity	
2x	Intel	Xeon	E5-2680	CPU/nod
2	x	12	cores,	2.5	GHz	
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2.5-D FWI (Intermediate SM)
Starting	model	:	based	on	ray-
Based	inversion	for	2D	FWI	
Results	of	the	2.5-D	FWI	
2.5D	FWI 2.5D	FWI
2D	FWI
Improved	Ray-based	
inversion	result	
(RBSM)
(Klotzsche	et	al.2012)	
2-D	FWI	intermediate	permittivity	
model	is	used	as	2.5-D	FWI	
starting	model	
2D	FWI
Intermediate	
Starting	model	(ISM)
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Outlook
FWI
Finite	Antenna	Length	Implementation	
More realistic model by replacing the point
source antenna with finite length antenna in
forwarding model that adopted from gprMax
Geoscanners BA	1000	antenna	Mala	Geoscience	1.2	GHz	antenna	
included	in	new	gprMax	
New generation gprMax is enable to
model antenna design and includes
several commercial antenna model
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Conclusion 
we have extended the 2D FWI to 2,5D by replacing 2D FDT with 3D
gprMax FDTD forward model
2.5 FWI is more sensitive to starting model than 2D FWI
2.5D FWI showed better results for permittivity and conductivity in
compare to 2D FWI for realistic synthetic models
Sufficient detailed starting model for 2.5D FWI is obtained by using a
low number iteration result of 2D FW.
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Thank you for your attention! 
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